It was proposed to use gnotobiotic lambs and piglets for 2 types of research, namely:
I. studies of the rumen activity, nutrition and development of lambs which possessed no normal rumen microflora, and of lambs which possessed a limited fully-defined rumen microflora;
2. experiments in pigs and lambs with respiratory and alimentary pathogens.
To date it has been used only for the 1st type of research and no assessment can be made of its usefulness for rearing pigs or for the transmission of pathogens. Fig. 1 . Hysterectomy hood, transfer isolator, and hoist. Normally the portable blower is at almost the full length of the hose away from the isolator.
Briefly the procedure was as follows. Bacteria-free lambs were obtained by hysterectomy in the equipment shown in Fig. 1 . Each pregnant ewe near term was anaesthetised and hoisted by her hind legs into a vertical position by an electric hoist. The gravid uterus was excised and passed through a disinfectant lock into a hysterectomy hood.
There tbe uterus was ripped open and the lambs passed through a transfer sleeve into a transfer isolator, which was then sealed off from the hood.
The transfer isolator was moved to a room containing rearing isolators (Fig. 3) . Its entry-port was connected to that of the rearing isolator by a transfer sleeve, and the lambs were passed through into the cage (Fig. 8) within the rearing isolator.
The lambs were fed on tinned milk (Carnation Food Co. Ltd, Bush House, Aldwych, London, W.C.2) and water until they were about 7 weeks old, and then weaned onto a solid early-weaning lamb diet which had been sterilized by gamma radiatiop. Numerous manipulative procedures, such as weighing lambs and taking rumen samples, were carried out. EQUIPMENT The equipment was based on the flexible-film isolators described originally by Trexler & Reynolds (1957) , which have now become standard in most gnotobiotic laboratories.
When the work started, gnotobiotic equipment was not readily available in England.
The situation has improved but still presents difficulties. For this reason we append to this article a list of the main items used and the companies which supplied them (see p. 211). It should be noted that the specifications provided by most suppliers were in imperial units. These have been converted into metric units, rounding up to the nearest whole number where appropriate.
Hysterectomy hood
The hysterectomy hood (Fig. 2 ) was based on that described by Meyer, Bohl & Kohler (1964) for pigs. The trough had a volume of 70 litres. It was partly filled with 'Savlon' disinfectant (Imperial Chemical Industries Ltd, Millbank, London, S. W.I) at a final concentration of 50 mg cetrimide B.P. and 5 mg chlorhexidine gluconate B.P. per m!.
The hood was covered with polyvinyl chloride (PVC) film sealed around the edges with 4 layers of stretchable PVC tape and I layer of PVC material tape. The arm holes were 1·2 m above the ground.
The natural PVC sleeves were attached to the arm holes by 2 rubber rings tightly bound with glass-fibre tape and stretchable PVC tape. The sleeves of the ambidextrous shoulder-length gloves were cut to appropriate lengths and attached to the sleeve by the polythene cuff and rubber rings illustrated in Fig. 5 . The transfer sleeve was attached to the entry-port by 4 layers of stretchable PVC tape and a metal clamp.
Transfer isolator
The transfer isolator ( Fig. 1) consisted of a simple flexible-film canopy, 122 X 61 X 61 cm, supported by a trolley to which was attached an entry port of 46 cm diameter.
The transfer isolator contained a simple cage consisting of an autoclavable stacking box inverted onto the open top of another and secured there with 4 'Mayo' clips. 
Rearing isolators
There were 6 rearing isolators (Figs 3 & 4) housed in pairs in 3 L-shaped rooms.
These rooms had been designed originally to house specified-pathogenfree animals and animals experimentally infected with contagious diseases (Betts, Lamont & Littlewort, 1960) . The size and number of isolators were limited by the largest oblong floor area of each room, which was about 2-4
x 3·7 m. There was an additional floor area of 1·2 x 2-4 m in front of one isolator. Fig. 3 . Large rearing isolator. 1 standby ventilation apparatus. The solenoid is normally attached to the wall and the batteries are placed at a distance from the isolator; 2 supporting sling; 3 weighing apparatus; 4 filter drying apparatus in position on an exit filter (the entry filter is just showing behind); 5 polypropylene bowls for storage of small items of equipment (water bottles would normally be stored on top of the cage and feed bags underneath it).
Each rearing isolator consisted of a PVC canopy on a low trolley. The roof of the canopy was suspended from the superstructure of the trolley by strong elastic bands.
A 25 mm layer of foam rubber covered the platform of the trolley and extended about 25 cm up the front and 75 cm up the back of the superstructure frame to protect the bottom of the canopy externally. 2 layers of polypropylene sheeting, comprising 4 separate overlapping sheets, were placed under the cage inside the isolator to protect the bottom of the canopy internally.
They were so arranged that a single layer extended 25 cm up all 4 internal walls. Additional support for the lower edges and walls against the pressure of accumulating waste liquid was provided by the sling (2) shown in Fig. 3 . The sling consisted of a sheet of strong polythene running under the body of the isolator and supported at each side by a cord enclosed in rubber tubing attached to the superstructure of the trolley.
The canopies were of 2 sizes: 1·70 X 0·92 X 1·70 m to fit the larger area of the room, and 1·50 X 0·71 x 1·53 m to fit the smaller area of the room. Each rearing isolator had 5 ventilation tubes (5 cm internal diameter by 10 cm) for attachment of filters, 3 at the back and 2 at the front (Fig. 4) . A circular hole, 38 cm diameter, was cut in the front end to accommodate the entry-port (46 cm diameter and 39 cm long). The hole in the isolator was pulled on to the entry-port by stretching the canopy, and taped to it externally by 4 layers of glass-fibre tape and 5 layers of stretchable PVC tape. The entryport was secured tightly by insertion through a 46 cm diameter hole in a board (chipboard) attached to the frame of the trolley. A rim of PVC was welded to the entry-port each side of the supporting board. This method of securing the entry-port meant that no screws or bolts penetrated its smooth inside surface.
The arrangement of the 12 sleeves and gloves is shown in Fig. 4 . The gloves were attached to the sleeves by 2 methods. The 4 upper gloves, which were used least, were attached by the method of Trexler (1971) using stainlesssteel rings. The same method was used for the weighing clamp ( Fig. 6 ). The lower gloves, which required a stronger attachment, were attached by the system of polythene cuffs and O-rings shown in Fig. 5 . This system resulted in less wear on the gloves. Linen gloves were worn inside the isolator over the neoprene gloves for added protection against puncture. A 'patient-support clamp' was incorporated in a sleeve in the roof of each isolator ( .1 and 2 parts of clamp for attaching to spring balance and swivel hook respectively; 3 polypropylene washers; 4 neoprene washers; 5 sleeve in isolator roof; 6 PVC film; 7 double thickness PVC film; 8 stainless-steel ring; 9 double-sided tape; 10 rubber O-ring; .11 layers of glass-fibre tape.
Equipmentfor weighing lambs
A harness ( Fig. 7 ) made of 2 pieces of wood, each 46 cm long and provided with 56 cm rope handles, and connected by 2 lengths of 50 cm hessian webbing, was included in the isolator.
This could be harnessed to a lamb and secured to a swivel hook attached to the clamp in the roof of the isolator (Fig. 6 ). Externally this clamp could be attached to a spring balance suspended from a steel bar beneath the ceiling of the room. 
Rearing cages
Each rearing isolator contained a stainless-steel cage (Figs 8 & 9 ). The cages were of 2 sizes to fit the 2 sizes of isolator. The maximum internal dimensions of the larger cages were 109 X 64 X 94 cm, and of the smaller cages were 92 X 43 X 79 em. Each main component of the smaIler cages was proportionately smaIler than those of the larger cages. The cages were so designed that they could be dismantled inside a balloon, passed out through the 46 cm diameter entry-port in pieces, cleaned, wrapped in paper, and autoclaved.
The pieces 90uld then be passed ba9k into thl1 iSQlator and assembled, The frame was held together by thumbscrews.
The floor panels simply overlapped the longitudinal frame parts and were not screwed down, but held by the horizontal bars of the wall panels.
A single screw secured each roof panel.
The top and bottom of each of the wall panels was hooked over horizontal bars and secured at the top by 1 or 2 thumb screws. The floor panels were perforated by oval slits (35 X 10 mm). The back wall panels were perforated by numerous circular holes 2 mm diameter, 30 mm apart. The side panels were constructed of strong wire grids on rigid frames.
2 extra rectangular troughs (capacity 1200 ml each) were clipped to the troughs of the door panels.
Ventilation and heating equipment
Each of the 3 rooms housing rearing isolators had sealed metal ceilings consisting of water-heated radiant panels capable of maintaining the air temperature of the room at about 2l o e.
In order to raise the temperature for newborn animals to 35°e, portable thermostatically-controlled heaters were placed in the rooms.
Fixed ventilation equipment
Ventilation equipment was installed in each room for blowing warm dry air under pressure into the 2 rearing isolators.
It was designed to fulfill the following requirements: I. to supply air that was a) at a sufficient pressure to inflate the 2 isolators and to provide a sufficient flow rate in them. It was thought that a flow rate within the isolators of 1·3-6·Sm3/min would probably be adequate for all purposes; b) thermostatically controlled temperature which could be set manually between 21 and 35°C; c) controlled manually adjustable low humidity SE> tl\at the inlet filters would not become damp; L YSONS, ELLIOTT AND WELLSTEAD 2. the outside surface of the equipment had to be a) amenable to cleaning and fumigating with formaldehyde vapour; b) resistant to corrosion with dilute peracetic acid spray, which would be used to sterilize the entry-ports.
In an attempt to satisfy these requirements, a rectangular air duct (cross section 31 x 15 em), proofed against corrosion, was mounted against the ceiling inside each room.
Air was supplied to each duct at a maximum flow of 6,5 m 3/min by a centrifugal blower which was connected by a short pipe through the wall to a filter box fitted outside the building.
The filter box was fitted with a side withdrawal dust filter and with a small heater to prevent icing during cold weather.
The heater was thermostatically controlled to switch on when the outside temperature fell below 2°C.
The temperature and humidity of the air supply to each room was regulated by a small refrigeration plant and heater located immediately after the blower in the rectangular duct. The cooling coils of the refrigerator collected condensation which fell into a water trap, and the heater then raised the temperature of the dehumidified air. The action of the refrigerator and heater were regulated automatically by thermostats and humidity controllers which could be manually adjusted.
Flexible hoses brought air from valves on the overhead duct to the 2 isolators.
Ventilation equipment on rearing isolator
Each rearing isolator possessed 5 tubes, 5 cm internal diameter, for ventilation ( Fig. 4 ). Originally it had been expected that 2 at the back would serve as air inlets and the others would serve as outlets, but the final system adopted was to use only the middle 1 at the back as an inlet and 4 as outlets. A filter was attached to each of the 5 tu bes. The cylindrical filters were similar to those of Trexler & Reynolds (1957) but larger, and were constructed of galvanised steel with a central section of perforated metal 955 cm 2 in area. 4 layers of glass-fibre filter material were wrapped around the cylinder of the inlet filter, and 3 layers were wrapped around the exit filters, and held firmly by glass-fibre tape and 'Mylar' tape, both of which were autoclavable.
The filter material was then covered with a protective layer of gauze. A hair drier was used to dry out moisture in the filters during use. The hair drier was attached to a rigid PVC tube, 16 cm diameter and 45 cm long, which was placed over each outlet filter in turn to dry it out (Fig. 3 ). The inlet filter was enclosed loosely in a thick polythene bag, 19 cm in diameter, and an air-tight seal made with vinyl tape to the air hose. The filters were supported by cups a.nd adhesive tape on the trolley superstructure, The perforated back panels of the cage (Fig. 8 ) were designed to act as baffles to protect the animal from draughts from the inlet tube, and disseminate the air equaIly throughout the isolator.
Ventilation equipment on the hysterectomy apparatus
The lambs were in the hysterectomy hood for such a brief period that ventilation of the hood was unnecessary. An inlet filter and an outlet filter (similar to those on the rearing isolators) were attached to the transfer isolator ( Fig. 1) .
A portable blower was attached via a flexible hose to the inlet filter to provide air to the transfer isolator.
Standby ventilation system
To guard against cuts in the electricity supply a standby ventilation system was devised (Fig. 3) . A blower attached to a filter of an isolator was connected to a solenoid, which in turn was connected to both the main electricity supply and to a 12V car battery. In the event of a mains electricity failure, the iron core of the electromagnet in the solenoid dropped, making a connection between the fan and the battery. When the standby system was not working the filter to which it was attached acted as the 4th exit filter, the air escaping through the blower.
RESULTS AND DISCUSSION

Hysterectomy hood
The dimensions of the hysterectomy hood proved to be suitable for ewes, but a larger hood-similar in size to that described by Meyer, Bohl & Kohler (1964) -would probably be better for sows. A useful minor modification to the hood shown in Fig. 2 would be to lengthen the entry-port externaIly by about 10 cm, as the end of the entry-port was so close to the rim that it was difficult to attach the transfer sleeve.
The glove sleeve nearest the trough on the entry-port side had to be long enough to allow the operator to reach for the uterus in the bottom of the trough, and the glove sleeve directly opposite the entry-port long enough to aIlow the operator to pass lambs through the transfer sleeve. InitiaIly shoulder-length gloves were attached directly to the hood, but stretching caused them to rip at this point. The addition of plastic sleeves provided a longer total sleeve-length and less tension on the attachment.
Transfer isolator
The simple cage in the transfer isolator was both cheap and effective. Lambs were sometimes held in it for several days before transfering them to rearing isolators.
Rearing isolators
The small size and awkward shape of the isolation room hampered work and placed limitations on the size of the isolators. The small isolators were barely large enough for 5-month-old lambs, but the larger isolators ( Figs  3 & 4) were fully satisfactory.
The isolators were designed for the isolation rooms originally because it was planned to use the gnotobiotic animals for transmission experiments with infectious pathogens. It could be argued that if the isolators were effective, this precaution was unnecessary. However, flexible-film isolators are easily damaged and the isolation rooms were a safeguard against accidental dissemination of pathogens. If, in planning a gnotobiotic-lamb unit, there was no intention of working with highly infectious organisms, it would be preferable to house all the rearing isolators in one large room with plenty of working space around each.
Most of the PVC canopies of the rearing isolators used in earlier work (Alexander & Lysons, 1971 ) maintained their integrity for about II weeks of continuous use, but after that holes started to appear, particularly in the lower seams-which were under pressure from the accumulation of liquid. In more recent designs the seams were reduced in number, 'lay-flat' seaming was used, and the lower seams were altered to the positions shown in Fig. 4 . The simple sling (Fig. 3) provided added support.
Various thicknesses of PVC were tried. The most satisfactory was 0·51 mm thick. Unfortunately, fully transparent PVC of this thickness was not always available, in which case 0·51 mm semi-opaque PVC was used for the roof. floor, and lower walls, and 0·41 mm fully-transparent PVC was used for the upper walls.
The unprotected floor of the canopy was prone to damage but the combination of plastic foam outside and double polypropylene sheets insideboth extending up the walls-reduced this.
Various positions and numbers of gloves were tried and the arrangement shown in Fig. 4 proved most satisfactory. It was necessary that the glove nearest the entry-port should be ambidextrous.
The apparatus for weighing lambs also proved satisfactory. The swivel on the hook under the clamp device was necessary to prevent tbe clamp unwinding and to reduce stress on the roof. Originally the clamp itself was attached to a reinforced portion of the isolator roof, but this was modified in later experiments to include a 10 cm diameter sleeve (Figs 3, 4 , 6 & 7) in the hope tbat vertical movements of the hook and clamp would occur independently of the isolator roof, thus reducing the strain on it. In practice the sleeve proved too rigid to be fully effective.
Cages
The cages were made of stainless-steel to withstand corrosion during disinfection using peracetic acid. This made them very expensive.
However, they proved strong enough and practicable for all purposes.
The roof was useful for the storage of food and water, and the side panels could be easily moved or removed for handling the lambs.
Ventilation
In retrospect the fixed system of ventilators was over-elaborate for this climate.
The de-icing heater was probably necessary for the outside filter, but would not be necessary if air was taken from inside the building-provided the danger of recirculating peracetic acid spray through the isolator was avoided. The dehumidifying cooler and humidity controls were expensive and probably unnecessary.
It is certainly important to keep the intake filters dry but in this climate heating outside air to 35°C would probably achieve this. There is also a danger of drying the air too much, particularly for newborn gnotobiotic piglets.
Throughout our work with lambs the air leaving the valves in the overhead ducts was kept constantly at 35°C and 40% relative humidity.
We now think that in this country a fixed ventilation system consisting of an air intake and cleanable dust filter, a strong reliable blower, and a good heater thermostatically controlled by thermometers set in the ducts, would probably be adequate for most purposes.
Within broad limits the temperature and humidity of the air entering the isolator have little effect on the temperature and humidity within the isolator. The inlet air has to be warm so that the animal is not in a cool draught and so that the inlet filter does not become moist (and so offer more resistance to air and lose its ability to filter micro-organisms).
However, the temperature within the isolator is almost entirely dependent on the room temperature, which should be at about 30-35°C for newborn animals.
The condensation on the inside of the flexible film and the humidity inside the isolator is largely dependent on the size of the animal and rate of flow of air. The problem of achieving an optimum airflow was never properly resolved.
The airflow was measured using a domestic gas meter interposed in the air hose between the fixed supply and the inlet filter. Airflow was limited both by the resistance of the filters, and by the maximum extent that an isolator could be inflated without placing undue strain on the seams or hindering work in the isolator.
It was found that the maximum airflow that could be achieved through the flexible hose when not attached to an isolator was 0-45 m 3/min.
The maximum flow that could be achieved when the hose was attached to the isolator. with ] inlet filter and 4 outlet filters, and with the isolator at a workable pressure, was only about 0·26 m 3/min. It was estimated that there was a complete change of air in the large isolator every 10 min. Since it was shown that if the air supply was cut off to an isolator for 3h a lamb showed no discomfort, the rate of flow was probably sufficient for the lamb. However, it was barely sufficient to keep the condensation on the canopy walls to a minimum or to prevent the outlet filters becoming moist. The use of the hair drier equipment on the outlet filters helped to solve this problem.
The standby system worked well. It was checked frequently by turning the supply off at the mains, and it switched on satisfactorily every time. The batteries were kept fully charged by a standard battery charger. :.Q 
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